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SUMMARY 


This report describes an investigation of the tensile, 
flexural, and impact properties of 10 selected types of 
phenolic molding materials. The materials were studied to 
see in what ways and to what extent their properties satisfy 
some assumptions on which the theory of strength of materials 
is based: namely, (a) isotropy, (b) linear stress-strain re- 
lationship for small strains, and (c) homogeneity. The effect 
of changing the dimensions of tensile and flexural specimens 
and the span-depth ratio in flexural tests were studied, 
rhe strengths of molded boxes and flexural specimens cut from 
the boxes were compare'd with results of tests on standard 
test specimens molded from the respective materials, 
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Static breaking strength tests on boxes molded from six 
representative phenolic materials correlated well with falling-, 
ball impact tests on specimens cut, from molded flat sheets, 
ood correlation was obtained with Izod impact tests on 

ItriZW Prepared from the molding materials. 

27® ' 8 ?* tic breaking .strengths of the boxes do not correlate 
with the results of tensile or flexural tests on standard""" 
specimens. 
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INTRODUCTION 


No thorough investigation of the r eiat i ons bins between 
the strengths of molded plastic articles and strength data 
on their materials has been reported. Most of the available 
data on the strength properties of molded phenolic plastics 
have been obtained with standard test specimens and standard 
methods of test. Specific data of this type, obtained in 
accordance with test methods established by the American 
Society for Testing Materials, are published in manufacturers* 
data books, for example, references 1 and 2. These sources 
acknowledge that a **molding material, which on standard test 
pieces appears superior, may show up in actual production as 
being even inferior to another material which on standard test 
pieces reveals a lower order of desirable properties** (ref- 
erence 1). These discrepancies are further attributed to such 
factors as peculiarities in mold design, size and shape of the 
molded article, and variations in molding conditions, but not 
to inherent differences in the materials or to selective 
characteristics of the standard test specimens. 

This investigation of the strengths of molded parts and 
standard test specimens, conducted at the National Bureau of 
Standards, was* sponsored by and conducted with the financial 
assistance of the National Advisory Committee for Aeronautics. 

The molding materials for this inves t igat i on were supplied 
by the Bakelite Corporation and the Monsanto Chemical Company, 
Flat plates molded in l/S- and l/4-inch thicknesses were fur- 
nished by the Bakelite Corporation and boxes were molded of 
the same materials by the General Electric Company, Plastics 
Division. The cooperation of these firms has made possible 
this exploration of the nebulous region between standard tests 
and structural performance and is gratefully acknowledged. 


MATERIALS AND PREPARATION OF TEST SPECIMENS 


The materials used in this investigation are listed in 
table I, Flat sheets were molded from the Bakelite phenolic 
molding materials by the Bakelite Corporation. Rectangular 
boxes were molded from the same compositions by the General 
Electric Company. Moldings prepared at the National Bureau 
of Standards included; dumbbell tensile specimens in accord- 
ance with type I of Method No. 1011 of Federal Specification 
lj-P-4o6a; rectangular bars, 1 inch x^ide and 5 inches long; 
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bars l/3 by 5 inches for impact specimens; cylinders, 2 inches 
in diameter and approximately 1 inch in length; and disks, 4 
inches in diameter and of various thicknesses. The molding 
conditions are given in table II. 

The specimens molded at the Bureau of Standards were 
prepared with’ fully positive hand molds heated by conduction 
from steam— heated platens. The molding was done with a 50- 
ton— capacity semi-automatic press. Preforms were prepared in 
the same molds that were used for the particular specimen. 

Some of the materials did not produce good preforms at room 
temperature with the pressure available or permissible for 
the particular mold. Preforms of these materials were made 
at somewhat elevated temperatures (see table II) with a hand- 
operated hydraulic press of 18— ton capacity. The platens 
were electrically heated and thermostatically controlled. 

All machined test specimens were prepared at the 
National Bureau of Standards. The tensile specimens were 
milled with a machine having a cam— operated milling fixture 
for duplicating the desired contour. 


TEST PROCEDURES AND EQUIPMENT 
Tensile Tests 


Tensile tests were made in accordance with Method No. 
1011 of federal Specification L-P-406a, except that the rate 
of separation of the grips was maintained at 0.05 inch per 
minute and the profile of the specimen specified for thick- 
nesses of 2/4 inch or less was used for all tensi?.e tests. 
Strains were measured with a Southwark— Peters plastics 
ext ens omet er , Model No. PS— 6 , and an autographic stress- 
strain recorder. 1 The tensile tests were made on the 0— to 
2400— pound range of a 60 ,000— pound— capacity universal 
hydraulic testing machine. 


flexural Tests 

flexural tests were conducted at rate of loading speci- 
fied in Method No. 1031 of federal Specification L-F-406a 


These strain gages and the recording equipment are 
described in Bulletin No. 162 issued by the Baldwin Loco- 
motive Works, Baldwin Southwark Division, Philadelphia, Pa. 
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for obtaining load-deflection data. Calculations of flexural 
strength, maximum fiber stress* and modulus of elasticity were 
made as described in Method No. 1031, 

In the teste reported in tables III and JV approximate 
span— depth ratios were obtained with support and pressure 
pieces having loading edges rounded to l/8— inch radii. 

This jig, together with a notched spacing and centering plate, 
provided adjustment at a limited number of positions. Sub- 
sequent tests were made with self-centering continuously 
variable jigs of the type shown in figure 1 with attachments 
for obtaining load-deflection data. The deflections were 
measured with Southwark— Peters plasties extensometers , Models 
PS— 6 and PS— 7 , and an autographic stress— strain recorder. 

The pressure and support pieces of the jig which was used for 
spans of 2 inches or less, shown in figure 1, were rounded to 
radii of l/32 inch; those of a larger jig of the same type 
which was used for spans greater than 2 inches had radii of 
1/8 inch, 

Specimens used in the study of the effect of span-depth 
ratio were first broken at the largest span. The remaining 
pieces were used for tests at shorter spans. Care was taken 
to insure that points highly stressed in the first test did 
not coincide with points of maximum stress in subsequent 
tests. Comparisons with specimens which had not been used 
previously Indicated that the portions of the specimens 
which were used again had not been damaged in the first tests. 
This method of sampling was used to avoid effects of thick- 
ness and cure which might affect the results. 

The flexural tests were made on the 0- to 2400-pound 
range of a 60,000— pound capacity universal hydraulic testing 
machine and on the 0— to 240— and 0— to 1200— pound ranges of 
a 2400-pound-capacity machine. 


Izod Impact Tests 

The standard Iz.od impact test was conducted in accordance 
with Method No. 1071 of Federal Specification L-P-406a on spec! 
mens having machined notches. The molded 1 /P- by 1 /2— by 5- 
inch bars were cut in half to make two Impact specimens. One- 
half of each bar was notched in the direction of the molding 
ram motion and the other half of each bar was notched in the 
direction perpendicular to the ram motion. The tests were 
m^«^^h_apeuduJum— type __impajc.t-tes ting machine of 4 foot- 
pound capacity, using the 2— and 4— foot— pound ranges. 
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A correction for the energy absorbed in tossing the 
broken pieces of the specimens was obtained as follows: 

The broken nieces of the specimens were fitted together and 
subjected to a second impact. This tossing energy was cor- 
rected for friction and windage. It was assumed that the 
energies impart ed to the severed end of the specimen were 
proportional to the unexpended energies after the Izod and 
tossing tests. A portion of the tossing energy proportional 
to the unexpended energy in the Izod test was subtracted 
from the Izod impact value. 


F a 1 1 i ng- Ball Impact Tests 


Falling-ball progressive-repeated impact tests, 
to Method Ho. 1074 of Federal Specification L-P-4o6a, 
conducted on 3 ^ 4-— inch rectangular sections cut 

the molded flat sheets. Preliminary tests were made 
4-inch-diameter disks of various thicknesses support e 
cast-iron-pipe cap. 


s i m i 1 a r 
were 
from 

on 

dona. 


The equipment used for testing the rectangular sections 
is shown in figure 2. The specimens were mounted in a hard- 
wood frame which rested on a flat steel plate. . The frame, 
provided a 1/ 8 -inch-w ide supporting area at the edges. A 
1 / 2 -p ound steel ball was used for tests on l/ 8 — i nch— t hi ck 
sheet material and the molded disks; l/ 2 - and 2 -p ound^bal], s 
were used for testing l/4- inch- thick sheet material. 

The height of fall was increased in steps of 1 inch 
starting with the 1 -inch height, until complete failure 
occurred. The energy to crack the specimens also v as noted. 


Impact - Flexural Test 

Flexural specimens 1/2 inch wide, which were machined 
from the 1 / 8 — inc h— thick molded flat sheets, were struck at 
the center of a 3-inch span with a ball weighing O.I 5 pound. 
The equipment was essentially the same as that shown in figure 
2 except that a flexural-test .jig (see fig. 1 ) with support 
pieces rounded to l/ 8 - inch radii was substituted for the 
wooden frame. The height of fall was adjusted ty .successive 
high-low* approximations so as to obtain the height of fall 
which would crack but not break apart the specimens of a 
specific material with a single "blow. A majority of the 
specimens received impacts close to the energv required to 
crack the specimen. All specimens which vere not completely 
broken by the impact were subjected to a flexural test at a' 
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span-depth ratio of 8:1 with the load applied at the point 
of impact. The flexural strengths were plotted against the 
impact energies applied to the individual specimens. 


Tests on Molded Boxes 

Breaking-strength tests were conducted on molded boxes 
using a plunger having a hemispherical end of 5/8-inch radius 
as shown in figure 3. The rate of travel of the plunger rel-’ 
ative to the base of the boxes ’-’as 0.05 inch per minute. 

The loads were applied in three ways: (l) at the molded hole; 

\ 2 ) at a point on the bottom symmetrically located on the 
diagonal with respect to the center and the molded hole; and 
(3) ®-t the latter point through a rubber cushion. The load 
was not applied at the center of the bottom because of a deeply 
indented mold number located at that critical point. The 
rubber cushion was a No . 7 rubber stopper placed with the 
larger diameter face bearing on the surface of the box. (See 
fig. 3.) No attempt was made to analyze the stresses set up 
in the boxes by the loads applied. 


Co ndit 1 or.ing. - All the 
least ^8 hours at 25 ° C (77 
ity and were tested in the 


specimens vere conditioned for at 
F) and 50 percent relative humid- 
condi tioned atmosphere. 


Statistical Ana lys i s 

The coefficient of variation which is used as a measure 
of the variability of the materials. is based on the most 
likely estimate of the standard deviation of the parent popu 

lation (reference 3, p. lh 5 ). it is calculated according to 
the formula: 6 


= */D d i) A n - 1 ) 

Average 


where 

V coefficient of variation in percent 
d i deviation of the individual result "i" from the average 
n number of test results 
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The standard error of the average was calculated accord- 
ing to the formula: 

S.E. -jl (di* 2 / n ( n - 1) 


The standard error for the difference between two aver- 
ages was calculated according to the formula: 

S.E.ab = S . E . a^ + S.E.g*' 


The difference between two averages is considered to be 
significant if it equals or exceeds 3 times S.E. AB , 


RESULTS OF TESTS AND DISCUSSION 
Anisotropy of Molded Phenolic Plastics 


Standard test specimens and standard methods of test do 
not, as a general rule, take cognizance of the possibility 
that molded phenolic plastics may be nonistropic in the thred- 
dimens ional sense. It has been report ed (reference 4, p. 84) 
that molded thermosetting plastics are generally isotropic. 

Visual examination of molded articles of various sizes 
and shapes indicates that in thin sections long fibers of 
the filler are oriented in planes parallel to the molded 
surfaces. In thick sections the fibers tend to be oriented 
in planes perpendicular to the direction of flow in the mold- 
ing. Peculiar orientations are found around inserts and at 
abrupt changes in section thickness. Fibers in gradual 
changes of section are oriented around the contour of the 
part. Sketches illustrating the orientation of fibers are 
shown in figure 4. 

Differences in the directional properties of the various 
phenolic molding materials in the form of molded cylinders, 

2 inches in diameter and approximately 1 inch in length, were 
investigated. Sections cut from these cylinders were of uni- 
form appearance when sanded except that the orientation of 
long fibers was visible. Fibers in the interior of the 
cylinders were oriented at random in planes perpendicular 
to the axis of the cylinders, the direction of the ram motion. 

Jfibers near the surface were oriented parallel to the molded 
suriac e . 
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Flexural specimens of approximately uniform size were 
^ rora the cylinders parallel and perpendicular, res-?* 
pectively, to the axis. Specimens cut from the circular 
faces were discarded. Rectangular specimens were machined 
and sanded to uniform thickness within ±0.001 inch. 

The results of the flexural strength tests are pre- 
sented in table III. All the specimens cut with their 
long axis parallel to the direction of the ram motion failed 
with typically brittle breaks. The specimeno of the long 
fiber materials cut with their long axis perpendicular to 
the ram motion broke with "green stick breaks." 

The ratio of the flexural strength of specimens cut 
■parallel and perpendicular, respectively, to the axis of the 
cylinder is used as an index of isotropy. The variation of 
this index with bulk factor of the powder (see footnote of 
table I) is shown graphically in figure 5. The bulk factor 
is roughly a measure of the size and the shape of the filler 
particles. 


Tensile and Flexural Properties of Phenolic Plastics 


Variation of flexu ral strength wi th_ sp an- d ep th rat i_o. 

The strength of a structure made" of ”a '"brittle" mat’ eriaiT usually 
is determined in service by resistance to bending, alone or 
in combination with axial loading (reference 5, p, 25), It 
is generally recognized that the flexural strength (modulus 
of rupture) varies with the material, the form of the section, 
the method and rate of loading, the span-depth ratio, and, in 
the case of fibrous materials such as wood, upon the size of 
the piece. The effect of span— depth ratio on the strength of 
brittle materials - for example, cast iron and plaster - is 
slight except for ratios less than 10 (reference 6, uc, 101 
and 106). J 

Few data on the variation of flexural strength with span- 
depth ratio have been reported for plastics although different 
specifications require different ratios for testing. Federal 
Specification L-P- 4 o 6 a requires a minimum span-depth ratio of 
16 : 1 . The flexural strength data published in the manu- 
facturers' data books have been determined at a span-depth 
ratio of 8:1 in accordance with A.S.T.M. methods. 
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The variation of flexural strength with span— depth ratio 
obtained on molded specimens of 10 phenolic molding materials 
is given in table IV. The depth of the beam in these tests 
was the molded thickness of the sheet. Curves for BM— 45 , 
BM-120, and R-6565 , which showed statistically significant 
variations with span-depth ratio, and for BM-250, which 
showed practically no change, are shown in figure 6. The 
asbestos-filled material, BM-250, and the mica-filled material, 
Resinox 7013, show the least variation with span-depth ratio. 

The materials containing large pieces of filler, such 
as those containing tire cord or macerated fabric, fre- 
quently broke at poin.ts some distance from the center of the 
beam. These failures occurred at the junctures of large 
pieces of filler. The results obtained with those materials 
were too variable to show a significant variation with span- 
depth ratio with the number of specimens used. 

Although no two materials show the same quantitative 
variation with span-depth ratio, the flexural strengths of 
the molded and laminated plastics are usually greater for 
smaller ratios, 


The large deflections obtained in the flexural tests of 
some plastics at large span-depth ratios introduce consider- 
able err-or into the calculation of the bending moment. The 

I™??*? a 5 th ® 8U PP° r< : Pieces are no longer parallel to the 
applied load. The component of the moment produced by the 

i hr * 8t ° f the su PP° rt Pieces is not considered in 
a ? S e 2 h0d ° f calcu lating prescribed by the Federal and 
thl o^\ 8PeClficati0n8 - Al80 when lar « e deflections occur, 
The lll*i**A fJ ip and increase the actual span length. 

^ Ud0 *! f thes ® errors would less in tests at a 
span depth ratio of 8:1 than at a ratio of 16:1, 

E ffect of varying the dimensions of specimens on 
n atural Rtrfingt ii .- TheVesults of flexural tests on specimens 
cu rom flat sheets and on molded bars are listed in table 

Prepared from the flat sheets in throe 
strength 01 * 1 / 8 ~ v and l/4-inoh thicknesses. The flexural 

men Th« ?! lnde P endent of the width of the speci- 

+ e 1 /4-in eh- wide specimens of BM-200 and BM-3510 were 
hard to machine and had burred edges. The burred edges are 

speciiT d t0 ** the CaU8e ° f th ® reduced strength of these 
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The most noticeable effect is the lower strength ob- 
tained with the thicker specimens of the long-fiber materials, 
BM-25O, BM-200, and BM-35IO. It should be noted that this 
effect would invalidate studies of the effect of span-depth 
ratio in which different ratios are obtained with specimens 
of different molded thicknesses. The effect does not appear 
in the case of the voodf lour-f illed material, BK-^5, and 
gradually becomes more pronounced for increasingly fibrous 
materials. This selectivity of the thickness effect in- 
dicates that it is caused by the fibrous fillers rather 
than by curing effects. 


Additional studies of the effect of thickness and cur- 
ing time on flexural strength were made with EM-120, a mold-, 
ing material which showed only a slight difference between 
thicknesses of l/S and 1/4 inch. Specimens vers taken from 
4-inch disks molded in thicknesses between l/l6 inch and 3/ S 
inch. Disks were molded for the minimum length of time re- 
quired to produce sound moldings and for twice that length 
of time. The results of the flexural strength tests are 
given in table VI and shown graphically in figure 7. These 
data show that minimum and double cures make only a slight 
difference for this material. The effect of thickness be- 
comes more pronounced for l/l6- and 3/32-inch thicknesses, 
which are more nearly comparable to the lengths of the 
fibrous filler in this material. 

Com par ative tensil e t ests with different types of speci- 
~ The data for tensile strength which are published in 
manufacturers' data books have been obtained using the "dog- 
bone" specimen described in Method Ho , 1012 of Federal Speci- 
fication L-P-4o6a and in A.S.T.M. Method of Test D 651-42T. 
The use of the "dumbbell" specimen described in Method Mo** 
1011 of Federal Specification L-P-4o6a and A.S.T.M. Method 
of Test D 63S-42T has been considered for replacing the dog- 
bene specimen by A.S.T.K. Committee D-20 on Plastics. The' 
two specimens are shown in figure 4. Reports on comparative 
test data have been inconsistent. 

Comparative tensile test results obtained with molded 
dumbbell specimens, dumbbell specimens machined from l/S- and 
1/4-inch-thick molded sheets, and results obtained in other 
laboratories with both specimens are listed in table VII. 

Data from the manufacturers' bulletins are included for com- 
parison. In general, the dogbone specimens indicate higher 
strengths with lower coefficients of variation. The test 
data reported by the Bakelite Corporation for dumbbell speci- 
mens are more erratic than those obtained at the Rational 
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Bureau of Standards. Almost without exception larger speci- 
mens of t)oth shapes shov lower coefficients of variation. 

The significance of the results obtained with the d'ogbone 
specimens has been Questioned generally because of the shape 
of the test piece. 

The most variable results with dumbbell specimens molded 
at the National Bureau of Standards were obtained v*ith Resinox 
6905 , a material containing chopped tire cord. The nieces of 
tire cord have lengths varying betveen l/p and 3 inches. In 
the molded dumbbell specimen the lengths of cord have a pre- 
fer.red orientation along the length of the specimen. The 
strength of a specimen would he high if a number of the longer 
lengths extended through the reduced section and low if, as 
a matter of chance, none bridged the distance. The failure 
of specimens of this material differed from the failures 
of the other materials in that the specimens were not com- 
pletely severed. The variety of stress — strain diagrams 
obtained with Resinox 6 9 05 is shown in figure 2. The dog- 
bone specimen would permit most of the cords to be anchored 
in the ends of the specimens. The do go one specimen would, 
therefore, be expected to give higher results. 

None of the other materials contain pieces of filler 
long enough to bridge the reduced section of the dumbbell 
specimen, but many of the materials contain fibers sufficient- 
ly lon & to bridge the reduced section of the dogbone speci- 
men. ±hese materials show much lower strengths .with the 
dumbbell specimen. The woodflour-f tiled material, the 
fibers of which are too short to bridge the reduced section 
of either specimen, shovg a greater strength with the dumb- 
bell specimen than is reported for the dogbone specimen. 

It is obvious from this dicussion that an erroneous im- 
pression of the tensile strength of a molded part may be 
obtained from tests of standard specimens. 

The results obtained with the machined dumbbell speci- 
mens are in good agreement with the results obtained with 
the molded dumbbell specimens except for the asbestos-filled 
material BM- 25 O. Since different batches of molding materi- 
als were used for preparing the different specimens, perfect 
agreement cannot be expected. The slightly higher results 
obtained by the 3ell Telephone Laboratory for BM— 35 10 may 
have been caused by the higher rate of loading. 

# Stre ss— s t r a i n relations hip s. - Typical tensile stress- 
strain diagrams for molded dumbbell specimens are shown in 
figure 9* These curves were obtained with stronger-t han- 



NACA TN No. 1005 


12 


average specimens. The average ultimate strength for each 
material is indicated on the curves. A s t res s- strain diagram 
for cast iron (reference 7» P» 35^) is given for comparison. 
The tensile stress-strain diagrams obtained with eight molded 
specimens of Resinox 6905 are shown in figure S. 

The stress-strain curves for all the phenolic molding 
materials are similar to the curve for cast iron and also to 
curves for concrete in compression and tension (reference 8, 
pp. 119 and 120). These curves indicate that the molded 
phenolic plastics behaved like typical brittle materials in 
the tensile tests. 

Typical flexural load— deflect ion diagrams for six phe- 
nolic materials are shown in figure 10. Other reports, for 
example, reference 9 * P« 122, show similar contrasting curves 
for woodf lour- and fabric-filled materials. The flexural 
test emphasizes the differences between the materials. In 
the flexural test the failure of a surface fiber in tension 
will produce a succession of beams of diminishing depth which 
will offer diminishing resistance to the motion of the load- 
ing device. The materials containing short fibers offer- 
little resistance to the progress of the failure through the 
beam and consequently show brittle failures. The type of 
failure depends on the degree of orientation of the fibers 
across the fracture. 

Tensile moduli of elasticit y.- The tensile moduli of 
elasticity of the molding materials are given in table VIII. 
These moduli were obtained with a nonaveraging strain gage 
and consequently are affected by any initial warping of the 
specimens. The differences between the results obtained 
for the short-fiber materials with machined and molded speci- 
mens are masked by the variability of the results. The 
differences observed for BM-250, BM-200, and BM-35IO are 
large enough to be significant, although they are not con- 
sist ent . 

The tensile modulus of elasticity of the asbestos-filled 
material, BM-250, as determined with molded dumbbell speci- 
mens, varied between 1.64 x 10 s psi for a specimen 0,204 

inch thick to 2.22 -X 10® psi for a specimen 0.121 inch 
thick. The moduli of intermediate thicknesses fell in 
regular sequence between these limits. The moduli of the 
specimens machined from the flat sheets show only a slight 
change with thickness and are higher than the moduli of the 
molded specimens. The other materials did not show this 
effect . 
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It is thought that this behavior can be explained as 
follows: The lengths of the asbestos fibers in BM- 25 O are 

short in comparison with the length and width of the reduced 
section of the molded dumbbell specimen, but a.re comparable 
to the thickness. In the central portion of the specimen, 
away from the edges, the fibers are oriented flatwise in 
the same way as in molded flat sheets. Along the edges the 
fibers are oriented parallel to the surface of the molded 
edge. As the thickness of the molded specimen is decreased, 
the orientation of the fibers approaches the laminar orienta- 
tion of the flat sheets. The modulus of elasticity corre- 
spondingly approaches the modulus obtained for the flat sheets 
The magnitude of the change of modulus with thickness for 
this material is attributed to the large differences between 
the properties of the asbestos filler and the resin. 

The lengths of the fibrous fillers in PM- 200 and BK- 
3510 are short in comparison with the length of the dumb- 
bell specimen but long in comparison with the width and 
thickness. Because of these relative dimensions the fibers 
are oriented along the length of the specimen and cause the 
moduli of the molded specimens to be higher than those of 
the specimens machined from flat sheets. The fibers in 
specimens cut from flat sheets are oriented in the plane 
of the sheet, but have a random orientation along the length 
of the specimens. 

Fl exu ral moduli of elasticity.- Data for modulus of 
elasticity in flexure are reported in table IX. These moduli 
agree fairly well with the tensile moduli reported in table 
VIII. The moduli determined on 1 / 2 - by 1 / 2 - by 5 -inch 
molded bars are affected by the direction of testing with 
reference to the direction of application of the molding 
pressure. The orientation of the fibers in molded bars is 
shown in figure 4, Since the fibers along the edges can be' 
oriented both parallel to molded edge and perpendicular to 
the direction of the ram motion, these surface fibers 
are most highly oriented. Higher results are obtained in 
edgewise tests when the depth of the beam is taken per- 
pendicular to the direction of ram motion when the most 
highly oriented fibers are located in the tension and com- 
pressive faces of the beam. The effect is greater for 
materials containing long fibers (large bulk factors), as 
shown in figure 11 . 
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Impact Properties of Phenolic Plastics 

.L?-5JL _impap t __t es t s_ . - The pendulum type of impact test 
has "been found most useful for comparing the shock resists 
ance of electrical insulating materials of generally similar 
composition and physical characteristics. The test is re- 
ported to he unreliable for indicating the relative shock 
resistance of materials which differ markedly in composition 
or mechanical properties (reference 10, p. SJ ) . 

The Izod impact strength of the six phenolic molding 
materials are listed in table X in comparison with data 
taken from the Bakelite Technical Data Book. The discrepan- 
cy between the manufacturers' data and that obtained at the 
National Bureau of Standards for the macerated fabric-filled 
materials may depend on the capacities of the machines used. 
The 4— foot— pound pendulum of the machine used at the National 
Bureau of Standards was barely sufficient to sever the speci- 
mens of BM-200 and BM-3510, although the capacity was three 
to four times the indicated breaking energy. The specimens 
which were not completely severed were left attached to the 
clamped portion by a few threads which acted as a hinge per- 
mitting the specimen to fold over out of the path of the 
pendulum. The other results are in good agreement. The im- 
pact strengths were consistently higher for specimens notched 
perpendicular to the ram motion compared with those notched 
parallel to the ram motion. 

The energy expended in tossing the broken halves of 
the specimens amounted to about two-thirds of the I zo d im- 
pact strength in the case of the woodf lour-f illed material, 
BM-45. The energy required to toss the broken halves of 
the specimens in all cases was Proport ional to the specific 
gravity of the m at e r i al a nd amounted to 0 . 1 4 foot— pound per 
inch of notch per unit of specific gravity. Since this 
amount of energy does not include any breaking energy, Izod 
impact strengths of 0.20 and 0.27» values frequently reported 
for c e 1 lul 0 s e - f i 1 1 ed and mineral— f i lied materials, respec- 
tively, indicate little if any impact resists. nee. These 
values apply only to results obtained with the 2- to* 4-foot- 
pound machine with standard specimens. Correcting the Izod 
impact strength for the tossing energy by subtracting a part 
of the tossing energy proportional to the residual energy 
of the pendulum after the Izod test, accentuates the differ- 
ences between materials and between directions of testing. 

It throws little light on the actual differences betweenthe 
impact resistance of the materials. 
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The work involved in breaking an unnotched impact bar 
in flexure is also reported in table X. The work to maxi- 
mum load and the total -work to break the specimens were' 
determined from the areas of the load-deflection diagrams 
(fig. 10 ). The areas were obtained with a planimeter. 

The work to maximum load does not show any consistent re- 
lationship to the I zod impact strength. The total work 
separates the fabric-filled materials from the other because 
of the large amount of work done after failure. Hazen - (ref- 
erence ll) reports that static bending tests give mineral- 
filled phenolic materials toughness ratings more nearly in 
agreement with ordinary experience, but that the test under- 
rates the toughness of fabric-filled materials such as BM-35IO. 
However, Eazen included only the work done to the maximum 
load in his ratings. He reported a value of O.69I foot- 
pound per cubic inch for BM-3510 as compared with a value of 
O.85 for work to maximum load obtained in this laboratory. 

The total work was about 1.5 foot-pounds per cubic inch, 
indicating that the energy to tear the fabric-filled mate- 
rials after failure may account for a large part of the 
measured impact strength. 

Falli ng -ba ll impact tes ts .- The results of progressive- 
repeated falling-ball impact tests on 4 -inch disks of 3 M -120 
are given in table XI. The magnitude of the last impact in 
a series of impacts which caused failure is proportional to 
a power of the thickness between one and two. Since a number 
of other fa.ctors, such as the diameter-to-thickness ratio of 
the disks, the number of impacts, and the velocity of the 
final impact are variable, the results are considered from a 
purely empirical viewpoint, assuming proportionality to the 
square of the thickness. As long as comparisons are made 
between sheets of the same nominal thickness, the exact re- 
lationship need not be known. The relationship between the 
magnitude of the final impact energy on this basis and the 
number of impacts is shown in figure 12 . This curve shows 
a trend with thickness similar to that observed for flexural 
strength sho'wn in figure 7 • 

On the basis of these results, similar progressive- 
repeated impact tests were made on rectangular sections cut 
from molded flat sheets of the six phenolic molding materials. 
The results of these tests are given in table XII. The series 
of impacts on the l/ 4 - inch-thick sheets with a 2-pound ball 
caused failure at about the same impact energy per unit of 
thickness squared as that of a larger number of higher veloc- 
ity impacts with the l/2-pound ball. The energy required 
to crack the tension side of the plates appears to be 
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independent of the filler and consequently shows no cor- 
relation with the Izod impact strength. The degree of 
cracking required to define failure was arbitrarily chosen 
as the first visible crack. In the case of the fibrous 
materials the widening of the crack occurred very gradually. 
The foregoing conclusions could, therefore, be changed 
appreciably by a different interpretation as to when failure 
occurred . 

The energy required to disrupt the specimens completely 
shows a very definite increase for increasingly fibrous 
materials. A comparison with the results of the Izod impact 
test is shown in figure 13. Since the cracking energy is 
practically constant for the different materials, it is 
^PP^rent that high Izod impact strength indicated high tear- 
ing strength. 

Impact -flexural test.- This test was devised to evalu- 
ate the damage to the specimens of the long— fiber materials 
in the falling-ball test. Since the energy reouired to 
crack the specimens in the falling-ball test was practically 
independent of the filler, the different behavior of the 
materials must be attributed to their differing abil ity to 
sustain partial failure without total loss of strength. 


The effect of single impacts on the flexural strengths 
of simple beams is given in table XIII. Each impact value 
in the table represents tests on l 4 to 21 specimens 1 / 2 
inch wide cut from the 1 / £- i nch- t hi ck molded flat sheets. 

Most of these specimens received impacts close to or within 
the range of impacts which caused cracking. The short — fiber 
materials BM- 45 , BM- 120 , and BM-626O did not indicate a 
range of cracking energies but were either completely 
broken or not apparently damaged by the impact^. The flexural 
strengths, including zeros for specimens broken by the impact 
alone, were averaged in appropriate ranges of impact energies 
The curves for BM -120 and for BM-3510, a long-fiber material, 
are shown in figure l 4 . The impact energies, expressed in 
inch-pound per thickness squared, required to reduce the 
average flexural strength to 10,000 and 5,000 pounds per 
square inch, respectively, were determined graphically from 
curves of the residual flexural strength plotted against 
the impact energy. Comparison of these impact energies 
with the Izod impact strengths of these materials is shown 
inf igur e 15 . 

Good correlation is observed for the short-fiber mate- 
rials (bulk factors less than 4 ) and long-fiber materials 
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(’oulk factors greater than 4), respectively, hut different 
proportionality factors are involved for the two classes 
of mat erials . 


Strength Properties of Molded Boxes 

The flexural strengths of specimens cut from the molded 
boxes are compared with data obtained on specimens from the 
l/S-inch-thick molded flat sheets in table XIV. The loca- 
tions of the specimens cut from the boxes are shown in 
figure 16. The smoother outer surface of the boxes was 
made the tension side of the beam. The strengths of speci- 
mens from the boxes are in good agreement with th9 strengths 
of specimens from the l/g-inch— thick sheets, except for 
boxes made from BM- 25 O. 

The reduced strength of the asbestos-filled material 
BM— 25 O may be caused, by a number of factors. The boxes of 
this material were molded from preforms instead of loose 
powder which was used for boxes of the other materials. 
BM- 25 O is the only mineral-filled material represented and 
has a mold shrinkage less than that contemplated by the 
mold designer. The sigilific ant difference observed for 
specimens cut at right angles to one another suggests that 
the direction of flow from the si ngl e preform results in a 
special orientation of filler in this molded box. 

The breaking strengths of the boxes molded from the 
six phenolic materials are given in table XV. A comparison 
with the flexural strengths of specimens cut from the molded 
boxes is shown in figure 17 . The strength of the boxes 
does not correlate with any of the tensile or flexural 
strengths determined in the course of this investigation. 


The failure of the boxes made from the short— fiber 
materials was sudden and complete. The boxes made of the 
long-fiber materials showed signs of failure at about the 
sane load which caused complete failure of the short-fiber 
materials but were able to withstand considerably higher 
loads in spite of numerous cracks. The manner of failure 
was very similar to the failure of the flat sheets in. the 
falling-ball test. 

A comparison of the strengths of the boxes with the 
results of the falling-ball test on the l/4- inch-thick 
sheets is shown in figure lg. Correlation of the strengths 
of the boxes with the results of the Izod impact test on 
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standard molded specimens is shown in figure 19 > with the 
isotropic index as determined on molded cylinders in figure 
20, and with the hulk factors of the molding powders in fig- 
ure 21. The last two comparisons show a significant differ- 
ence between the mineral and cellulose-filled materials. 

Of the data usually reported in the manufacturers 1 bulle- 
tins the Izod impact strength is the best index of the 
strength of the boxes. The results are in agreement with 
the current practice of designing on the basis of impact 
resistance (reference 12). The strengths of articles of 
other shapes which would not permit the distribution of 
the load by partial failure would not be expected to show’ 
similar correlation. 


Variability of Materials 

Coefficients of variation as defined by the formula 
on page 6 have been reported for most of the test results. 
The coefficients of variation obtained with small samples 
are themselves quite variable, as would be expected. The 
materials containing larger pieces of filler are much more 
variable than the materials containing ^oodflour or short 
cotton flock, particularly in the flexural tests. Thinner 
moldings of the materials containing fibrous fillers have 
higher flexural strengths, as stated by the manufacturers, 
but at the expense of increased variability (table V). 
Coefficients of variation of larger tensile specimens of 
both dumbbell and dogbone types are less than coefficients 
of smaller specimens although the strengths show little 
change with cross section if the length of the specimen is 
kept constant (table VII). 

In the flexural tests high results were usually accom- 
panied by off-center failures. Low results were obtained 
when a discontinuity of the filler occurred on the tension 
face of the bean at rnidspan. It should be noted, therefore, 
that both the flexural strengths and the variabilities of the 
fabric-filled materials determined with the l/ ^-inch-thick 
specimens would have been lower if the strength had been 
calculated for the stress at the Point of failure instead 
of for failure at midspan. 

The largest samples were used for tests of specimens 
cut from the molded boxes. Coefficients of variation cal- . 
culated for these results are considered to be typical of 
the materials. Frequency-flexural strength diagrams for 
the six phenolic molding materials are shown in figure 22. 
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The difference in the flexural strength of BM- 200 vhen 
tested at span-depth ratios of 16:1 and 8 : 1 , respectively, 
is 700 psi or about 6 percent (table I 1 - 7 ) . The coefficient 
of variation considered to be typical of this material in 
l/S-inch thickness is l 6 percent (table V and fig. 22 ). In 
ord.er to establish the significance of the difference in 
flexural strength it would be necessary to make 130 tests 
at each span-death ratio. The use of the five specimens 
usually reauired for routine tests of plastic materials is 
definitely i node qua t e for determining small differences for 
such variable materials. For example, five specimens of the 
above-mentioned material would, be sufficient only to estab- 
lish the significance of a difference of about 3 ^ percent 
or more. 

The nonuniformity of a material, which is indicated 
by the coefficient of variation, affects the results of 
tests made with specimens of different sires and tests 
with different methods of loading. Tucker (reference ll) 
presents a treatment of the statistical theory of the 
effects of dimensions and methods of loading upon strength 
properties, wherein the "veakest-link" theory developed 
independently by Weibull (reference l4), and the "strength- 
summation" theory are discussed in relation to the strength 
of concrete beams. The statistical analyses as verified 
by tests on concrete beans indicate that the modulus of 
rupture (flexural strength) is independent of the width of 
the beam, but is decreased by an increase in thickness or 
length. The first two of these conclusions are sub- 
stantiated by the results reported here of tests on speci- 
mens of different widths and thickness cut from the molded 
flat sheets. The most variable materials shov; the greatest 
differences with thickness. The conclusion regarding the 
effect of length was not checked because it 'was not possible 
to isolate the independent effect of span-depth ratio. 

The "v eakest-1 i nk- in- seri es " theory proposed by Weibull 
indicates that smaller tensile specimens (shorter lengths) 
should have higher strengths. This may partially explain 
the higher results obtained with the dogbone specimens 
although the effect of orientation of the fillers and the 
effect of the shape of the specimen may be the principal 
cause of the difference. 

The s t rength- summat i on or "links-in-parallel" theory 
indicates that the tensile strength should be independent 
of the cross section and that the coefficient of variation 
should decrease with an increase in cross section. This is 
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substantially what was observed for the tensile strengths 
of specimens machined from the l/g-inch- and l/4-inch- thick' 
molded flat sheets. 

In the foregoing discussion the statistical theory has 
been applied only qualitatively since the coefficients of 
variation based on small samples are themselves quite 
variable. The qualitative agreement with the statistical 
theory indicates that further work along this line would 
be useful. 


CONCLUSIONS 


Conclusions relating particularly to test specimens 
and methods of test have been presented in the discussion. 
These findings indicate that the interpretation of the 
results of tests must take into consideration the charac- 
teristics of the individual filler in relation to the 
particular test piece. 

General conclusions are as follows: 

1. Phenolic molding materials are generally nonisotropic 
The degree of anisotropy depends on the size and shape of 

the fillers and the dimensions and shape of the molded sec- 
tion. 

2. The nonhomogeneity of these materials is reflected 
in the coefficient of variation which increases with the 
size of the pieces of filler and is an important character- 
istic of each material. 

3. The flexural strengths of specimens cut from molded 
boxes were found to be in good agreement with the flexural 
strengths of specimens from molded flat sheets of approxi- 
mately equal thickness. An asbestos-filled material 3M-250 
appears to be an exception to this statement. The reason 
for the exception has not been established. 

4. Tensile and flexural stress-strain curves indicate 
that phenolic materials are essentially brittle. Fibrous 
materials, however, are capable of relieving localized 
stress and distributing the load by partial failure. 

5 . The breaking strengths of molded boxes correlates 
well with the results of the falling-ball impact test on 
flat sheets molded of the same materials. Good correlation 



BACA TN Ho. 1005 


21 


is also obtained with the Izod inroact strength as determined 
on standard test specimens. Good correlation with the bulk 
factor of the nowder also was observed. 

6 . The trends observed in this investigation for the 
behavior of standard test specimens agree qualitatively with 
conclusions derived from statistical analysis of the effects 
of dimensions and methods of loading upon the strength prop- 
erties of concrete beams. It is concluded that further work 
along these lines is desirable. 


National Bureau of Standards, 

Washington, D. C., July 25, 19^5* 
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TABLE 1,— DESCRIPTION OP PHENOLIC MOLDING MATERIALS 


Manufacturers 1 
designation 

Filler 

Mean- bulk factor 1 
(Manufacturers' data) 

Bakellte BM-45 

Woodflour 

2.45 

Bakellte BM-120 

Woodflour and cotton flock 

2.58 

Bakelite BM-6260 

Woodflour and cotton flock 

3.8 

Bakellte BM-250 

Long— fiber asbestos 

- 8.0 

Bakelite BM-200 

Macerated fabric 

9.5 

Bakelite BM-3510 

Macerated fabric 

14.5 

Res inox 7013 

Mica 

2.64 

Resinox 6565 

Long cotton flock 

5.5 

Resinox 6905 

Tire cord 

6.5 

Resinox 6542 

Macerated fabric 

10.0 


l 

^^lk factor — The ratio of the volume of the molding 
composition to the volume of the 
finished molding. 
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TABLE XI.- MOLDIHQ CONDITIONS USED IN PREPARATION OP TEST PIECES 


Mean 

Batch Bulk 
Material So. Paotor* 



BBS 

Bak.Corp. 
O.E. Co. 

IBS 


BM-120 63« 2.5S 


Rp-7013 Unknown I 2.64 


BM-6260 Unknown 3 . 8 
1221 
Unknown 
1221 

1221 

1221 & 1359 
1221 | 


R-6905 476 6.5 


BU-250 166C 8.0 


BM-200 67A 

Blaok 


I 27 Brown 
23 A 27 Brown 
7? Blaok 

R-6542 6740 I 10.0 


BM-3510 166OF 14.5 


I 1985 I 
1985 & 2112 

I ^ 18D I 


Dumbbell 
Flexure Bar 
do. 

2* Cylinder 
do. 

Plat 8heete 
Boxes 

Impaot Bar 

Duabbell 
Flexure Bar 
2* Cylinder 
4* Disk 
do. 
do. 
do . 
do. 
do. 

Flat Sheets 
Boxes 

Impact Bar 
4* Disk 
do. 

Dumbbell 
Flexure Bar 
2* Cylinder 

Dumbbell 
Flexure Bar 
2" Cylinder 
do. 


Bak.Corp. Flat Sheets 

0.1. Co. Boxes 

BBS Impact Ber 

KBS Dumbbell 

NB8 Flexure Bar 

NB9 2* Cylinder 


Bak. Corp. 

C.S. Co. 

NB8 

HB8 

NB8 


BBS 

BBS 

BBS 

NB8 ' 

Bak.Corp. 
G.E. Co. 
G.E. Co. 


Dumbbell 
Flexure Bar 
2* Cylinder 


Dumbbell 
Flexure Bar 
2" Cylinder 
Impaot Bar 
Flat Sheete 
Boxes 
Boxes 

Dumbbell 
Flexure Bar 
2 # Cylinder 


Bak.Corp. Flat Sheete 
G.E. Co. Boxes 
BBS Impaot Bars 

Dumbbell 
Flexure Bar 
2" Cylinder 


BBS Dumbbell 

BBS Flexure Bar 

BBS 2" Cylinder 

Bak.Corp. Flat 8heets 

G.E. Cn. Boxes 

BBS Impact Bare 


0.16-0.25 

0.14-0.20 

0.17-0.19 

1.30 

0.97 

1/8 and 1/4 
1/8 * 
1/2 

0.14-0.25 

0.14-0.19 

1.18 

l/a 

1/8 

1/4 

1/4 

3/8 

3/8 

1/8 and 1/4 
1/8 
1/2 

1/16,3/32 A 1^5 
1/16,3/32 A 1/8 

0.15-0.26 

0.16-0.20 

1.12 

0.14-0.25 

0.15-0.18 

1.13 

1*39 

1/8 and 1/4 
1/8 
1/2 

0.18-0. 34 
0.15-0^20 


0.12-0.32 

o. lr o. 85 


0.12-0.20 

0.12-0.14 

1.01 

1/2 

1/8 and 1/4 
1/8 
1/8 


0.13-0.28 
0. 1^-0. 18 
1.07 % 

1/8 and 1/4 
1/8 
1/2 

0.14-0.24 

0.14-0.19 

1.10 


0.12-0.22 

0.14-0.16 

1.10 

1/8 and 1/4 
1/8 
1/2 



4,000 
2,250 
(10,000 
( 2,000 
1,700 
d 

5,600 


48 

none 

48 

none 

, 3-1/2 

none 

48 

none 

15° 

none 

15 

5 

7 

3 

8 

none 

24 

none 

24 

none 

24 

none 

1 - 1 / 2 ® 

none 

3 a 

none 

2 - 1 / 2 ® 

none 

5® 

none 

4® 

none 

S e 

none 


\ 

8 f 

none 

ft 

none 

4 f 

none 

208 

none 

206 

none 

60 h 

none 

15 

none 

15 

none 

I5 ft 

none 

( 5° 

none 

(15 

none 

*5 

5 

l 

3 

S 

none 

15 

none 

15 

none 

5 

none 

15 

none 

15 

none 

15 

none 

5 

none 

(15 

. none 

46 

none 

46 . 

none 

60 h 

none 

16 

none 

15 

5 

7 

3 

5 

none 

15 

none 

15 

none 

5 

none 

15 

none 

l l 

? 

8 

✓ 

none 

15 

none 

15 

none 

10 

none 

32 

none 

15 

none 

15 

none 

(!0 

none 

(26 

none 

X ? 

§ 

8 

none 


Data from Manufacturers' bulletins. 

Preforms prepared at room temperature were used for all moldings at the Nations Bureau of 
Standards unless otherwise indicated. Moldings were not breathed except ae indicated. 

Preforms prepared at 150°F, 6,000 lb/in 2 . 

Pressure of 1,100 lb/in2 reported by General Electric Co. Since the mold is not fully 
positive, pressure on plastic is indefinite. Materials preheated in an oven at 176° F for 10 
minutes. Molded without preforms. 

Powder preheated In oven for 15 minutee at 175°F, and preformed at 175°F, 3,000 lb/ln 2 . Mold 
was oloeed in 15 eeconds and breathed 10, 20, 30 and 40 seconds after closing. 

Ho preforms used. Mold was closed in 15 seconds and breathed 10 and 20 seconds after oloslng. 
Preformed at approximately 200°F, 18 tons force. 

Powder placed in cold mold and heated to 300OF in 30 minutes 

Mold breathed 3 times at 3 to 5 second intervals, starting 15 seconds after mold was closed. 
Preform 5 by 5-1/4 by 5/8 inoh prepared at approximately 4.5 tons/ln2. 

Material preheated at 210°F, for 10 minutee cooled to room temperature and preformed. 
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TABLE V.- EFFECT 07 DIMENSIONS OF SPECIMENS ON FLEXURAL STRENGTH 
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TABLE VII— TENSILE STRENGTH OF MOLDED PHENOLIC MATERIALS DETERMINED WITH DIFFERENT TYPES OF SPECIMENS 
(Rate of Head Motion for NBS Tests with Dumbbell Specimens was 0.05 in/min.) 
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TABLE VIII.- TENSILE MODULI OF ELASTICITY OF MOLDED PHENOLIC MATERIALS 

(Specimens were the dumbbell type specified in Method 1011, 
Federal Specifications L-P-4o6a) 
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Flatwise = depth of beam In direction of ram motion. 
Edgewise = depth of beam perpendicular to ram motion. 
Data from Bakelite Technical Data Book. 

Data sheet published January 30 , 19 ^ 2 . 
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TABLE XI.- PROGRESSIVE-REPEATED FALLING-BALL IMPACT TEST ON 
4-INCH-DIAMETER DISKS OF BM-120 . 


Will 

Eal 

Thickness 
< ln »> 

Height of 
Fall a 
- ( in *) 

Enerpc 

b 

7 to Break Specimen 




■ 

0.123 

7 

3.48 

28.3 

230 

B 

0.123 

7 C 

3.48 

28.3 

230 

B 

0.124 

7 C 

3.48 

28.0 

226 

B 

0.126 

6 d 

2.98 

23.7 

188 

5 

0.170 

11 

5.47 

32.2 

189 

6 

0.251 

18 

8.95 

35.6 

142 

7 

0.253 

19 

9.44 

37.4 

148 

8 

0.253 

19 

9.44 

37.4 

148 

9 

0.253 

16 

7.96 

31.4 

124 

10 

0.253 

19 

9.44 

37.4 

148 

11 

0.379 

35 

17.4 

46.0 

121 

12 

0.379 

33 

16.4 

43.3 

114 

13 

0.380 

40 

19.9 

52.4 

138 


a. Also Indicates number of Impacts, since 
height of fall was Increased from 0 in 
steps of 1 inch. 


b. Energy. of last impact of series. Tests 
made with 0*49? lb ball and with edges 
of the specimens supported on a 3.5 Inch 
pipe cap. 

c. Cracked by Impact of 2.98 In. -lb in 6 in. fall. 
d« Cracked by Impact of 2.48 In. -lb in 5 In. fall. 
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Specimens 3-1/2 by 4-1/2 inches were supported at the edges in a wooden frame 
resting on a 3/S-inch-thick steel plate. A steel ball of the indicated weight 
was dropped on the center of the specimens from heights increased in intervals 
of 1 inch. Three specimens were used for each test. 
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Fig. 1 



Figure 1.- Flexure-test jig 
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Fig. 2 



Figure 2.- Apparatus for falling-ball impact test. 
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Fig. 3 



Figure 3.- Breaking strength tests on molded boxes. 
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Fig. 4 
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Figs. 5,6 
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Mean bulk factor (manufacturer' s data) 

Figure 5.- Anisotropy of 2-inch cylindrical moldings. 



Span-depth ratio BM-3510 

Figure 6.- Variation of flexural strength with span-depth ratio. — 



Tensile stress, 10 3 psi Flexural strength, 10 3 psi 
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Figs. 7,8 



Figure 7.- Variation of flexural strength with thickness and cure of moldings. ' 



Figure 8.- Tensile stress-strain diagrams for individual specimens of Resinox 6906 







Load-deflection curves are for 1/2 x 1/2 x 5 in* molded bars wit 
depth of beam perpendicular to direction of ram motion, a rate 
of loading of .05 in. /minute, and a span-depth ratio of 8:1. 



Deflection, in. 

Figure 10.- Typical load-deflection curves for molded phenolic materials 
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Figure 11.* Effect of direction of molding pressure on flexural modulus of elasticity of 
molding powders with various bulk factors. 







Flexural strength, 10 3 psl Ball Impact energy, in.-lb/(thlcknese in in. 
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Figs. 13,14 



Figure 14.- Effect of single falling-ball impacts ou flexural strength. 



Strengths of boxes, lb Pre-test ii 
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rigs. 15,17 



lgure 15.- Relation between single blow Impact energy required to reduce average flexural 
strength to a selected value and the Itod Impact of phenolic molding materials. 
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Figure 17.- Strengths of boxes compared with flexural strengths of specimens from boxes. 
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Fig. 16 



Figure 16.- Locations of specimens cut from molded boxes 
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Figs. 20,21 
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Figure 20.- Strengths of boxes correlated with Isotropic index 
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Figure 21.- Strengths of boxes correlated with bulk factors of powders. 
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Figure 22.- Frequency-flexural strength diagrams, specimens 
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